INTRODUCTION
products, fruit and vegetables [Piironen et al. 2000] . In some European countries, the mean intake of PS in basic diet was estimated at 150-400 mg/day, excluding the vegetarian diet (400-750 mg/day) [Davidson et al. 2001 , Normén et al. 2002 , 2007 . However, there is no recommendation for PS from naturally occurring phytosterols. According to results from the report of the members of the European Food and Safety Authority (EFSA), the recommended value of PS supplementation should oscillate around 1.6 g/day [EFSA 2008] .
The positive infl uence of dietary-added PS is connected with the improved lipid profi le with reduction of the total cholesterol (TC) concentration and LDL--cholesterol (LDL-C) fraction [Andersson et al. 2004 , Gylling and Miettinen 1999 a, Gylling and Puska 1999 b, 2010 . Previous studies evaluated the probable benefi cial infl uence of PS naturally-occurring in a basic diet, and its improvement on the lipid profi le, but they are not unequivocal and were carried out in varied populations [Normén et al. 2001 , Valsta et al. 2004 , Andersson et al. 2004 , Klingberg et al. 2008 , Sanclemente et al. 2009 , 2012 b, Sioen et al. 2011 , Han et al. 2009 ]. According to National Health and Nutrition Examination Survey, the percentage of women with hypercholesterolemia increases signifi cantly over the age of 50, which shows that this population is at particular risk [Ford et al. 2003 ]. Therefore, the research has been focused on the representative group of obese women with dyslipidemia.
The aim of this study was to assess the infl uence of the consumption level of plant sterols naturally-occurring in diet on the lipid profi le in obese women aged over 55 suffering from dyslipidemia.
MATERIAL AND METHODS
This study was carried out in 2009/2010 in Poznań (Poland). The research protocol was approved by the Poznań University of Medical Sciences Bioethical Committee. One hundred twenty obese females from Western Poland over the age of 55 participated in this study. Free-living participants who volunteered were recruited for a 16-week study. The subjects were sequentially enrolled in the study. The inclusion criteria included: Body Mass Index (BMI) > 30 kg/m², serum TC > 200 mg/dl and LDL-C > 100 mg/dl [WHO 2007 ]. The exclusion criteria consisted of: hipolypemic pharmacotherapy, CVD, consumption of products with added phytosterols during last 3 months, vegetarian-dietary habits and hormonal replacement therapy. Twenty-two females had hypertension. Seven participants had cardiac arrhythmias. None of the subjects used glucose lowering drugs nor statins. Nobody smoked. Taking into consideration the inclusion and exclusion criteria, 93 females were qualifi ed for further research. The subjects gave their written consent for the study. The study was performed in accordance with Helsinki Declaration.
The anthropometrical parameters included the measurement of body weight and height using SECA digital scale (Hamburg, Germany) with an approximation of 0.5 cm and 0.1 kg, as well as waist and hip circumferences (assessed with the means of a fl exible tape with an approximation of 0.1 mm) respectively. BMI and Waist to Hip Ratio (WHR) were calculated to identify the obesity within the studied group [Cole 1990 ]. Additionally, lipid profi le containing serum TC, HDL-cholesterol (HDL-C) and serum triglycerides (TG) was determined by enzymatic colorimetric methods (Roche Diagnostics Corp., Indianapolis IN) in all the studied subjects [Allain et al. 1974 , Matsuzaki et al. 1996 , Roeschlau et al. 1974 , Siedel et al. 1993 , Sugiuchi et al. 1995 . The LDL-C was calculated according to Friedewald et al. [1972] . All blood samples were collected after an overnight 12-h fasting. Characteristics of the studied group is presented in Table 1 .
The women were advised to continue their habitual diet. The dietary intake was evaluated by 7-day food records with a dietician checking the completion of data (Dietetyk, National Institute of Food and Nutrition, Warsaw, Poland). The local tables of food portion sizes and the weights of foods displayed in photos were used to estimate the amounts of food consumed according to the food records that were converted to gram weights. The weighment method was used as the standard for estimating the nutrient intake. Several nutritional factors including total energy, proteins, fats, plant sterols, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), dietary fi ber, carbohydrates, cholesterol, folic acid, vitamins B6, vitamin B12, vitamin C, vitamin E and vitamin A were surveyed. An amount of PS in 96 food items was considered to estimate total PS intake rally-occurring in food infl uence lipid profi le in obese women. Acta Sci. Pol., Technol. Aliment. 13(1), 111-117.
www.food.actapol.net/ as well as individual PS intake. Plant sterols content were obtained from a database of Polish foods. Statistica 10.0 Software was used for the statistical analysis. The level of signifi cance was set at α = 0.05. The multiple linear regression model, where the concentration of LDL-C fraction was assumed to be a dependent variable, was used.
RESULTS
The characteristics of the selected nutrients was presented in Table 2 . The median total energy of daily food rations (DFR) in the studied group exceeded 1750 kcal [Jarosz and Bułhak-Jachymczyk 2008] . The mean PS intake naturally occurring in food was estimated to be low (Median = 146 mg/day). Campesterol and sitosterol were the main consumption fractions. The percentage intake of fatty acids and other nutrients differed from a recommendation [Jarosz and Buł-hak-Jachymczyk 2008, FAO/WHO 2008] .
The obtained results show the relation of PUFA with LDL-C concentration in multiple linear regression adjusted for age, height, BMI and WHR (Table 3) . The relation between PS consumption and LDL-C concentration was not found (p > 0.05). For the value of total PS, the LDL-C concentration was maintained at the constant level of approx. 150 mg/dl. The correlations between other cholesterol fractions and phytosterols were not signifi cant. Pearson's coeffi cient of correlation between PUFA and PS intake, as well as PUFA and sitosterol intake, were 0.22 and 0.20 respectively. 
DISCUSSION
According to database search, this is the fi rst study evaluating the infl uence of the naturally-occurring PS and fatty acids in the representative group of signifi cantly obese women aged over 55 suffering from dyslipidemia.
Comparing with the previously described studies, the median intake of naturally-occurring PS in habitual diet in the studied group of women was lower [Normén et al. 2001 , Valsta et al. 2004 , Andersson et al. 2004 , Klingberg et al. 2008 , Sanclemente et al. 2009 , 2012 b, Sioen et al. 2011 , Han et al. 2009 ]. estimated PS intake on higher level in Mediterranean diets. Nonetheless, a small number of participants in each group was a relevant limitation of this study. Another study from this author also found higher intake of PS in comparison with current study [Escurriol et al. 2009 b] . Even higher intake of PS among Spanish population was shown by Sanclemente et al. [2009] . Indeed, in this region of Europe high intake of PS is observed, which has been confi rmed in the recent report [Sanclemente et al. 2012] . This fact can be connected with a widespread use of traditional food products, which are good sources of PS. It should be emphasized that PS intake from traditional diet is different and depends on the region [Han et al. 2009 ]. Additionally, a higher level of PS intake in the studied group of women and especially among men was estimated in the Dutch's study [Normén et al. 2001] . Finally, Swedish and Belgian researchers also obtained similar results [Valsta et al. 2004 , Klingberg et al. 2008 , Sioen et al. 2011 . The intake of PS in the fi rst quartile was estimated at the similar level of the current study only among English women [Andersson et al. 2004] .
The relationship between PS naturally-occurring in food and cholesterol concentration obtained in our study was similar with the results of Sanclemente et al. [2009] . On the other hands, Andersson et al. [2004] documented a negative trend between blood lipids (TC and LDL-C) and PS intake. The mean concentration of TC for women consuming high amounts of PS was 0.15 mmol/l lower and for LDL-C 0.13 mmol/l lower than among those with the lowest consumption. Having considered the factors such as age, BMI and menopausal status, Klinberg et al. [2008] observed lower total cholesterol (3.5%) and LDL-C (3.2%) but only in the fi fth quantile of PS diet's density. and Han et al. [2009] also documented the benefi cial effect of phytosterols from natural sources on cholesterol level. Lin et al. [2010] concluded that PS in a healthy diet has the infl uence on cholesterol metabolism. Nevertheless, that is not refl ected in circulating LDL-C. In the current study, the intake of PS was low and did not show the infl uence on lipid profi le.
The benefi cial infl uence of PUFA on TG and HDL-C has been documented [Psota et al. 2006 , Yokoyama et al. 2007 , Moore et al. 2006 . In the case of LDL-C concentration, data are contradictory [Abellán et al. 2011 , Pedersen et al. 2005 , Woo et al. 1997 , Zambon et al. 1999 . Nevertheless, as shown by extensive epidemiological research, a slight decrease of TC and LDL-C concentration is noted also during the increased supply of PUFA [Erkkila et al. 2008] . In the present study, the relationship between PS and LDL-C concentration was documented in the cross-sectional study. However, it only occurred with the reference It appears that longitudal intake of polyunsaturated fatty acids naturally-occurring in food can have a benefi cial effect in prophylaxis of dyslipidemia development. This aspect is undoubtedly important especially in the context of growing percentage of subjects with obesity and dylipidemia [Ford et al. 2003 ]. Moreover, higher risk of the development of cardiovascular diseases was observed among postmenopausal women, which was also confi rmed by The Centers for Disease Control and Prevention [CDC 1999 ]. Furthermore, focusing research on the group of obese postmenopausal women with dyslipidemia underlines the propriety of such research in the context of ischemic heart disease risk and is of the greatest importance in relation to cardiovascular disease.
CONCLUSIONS
In conclusion, the results of this study suggest that consumption of naturally-occurring polyunsaturated fatty acids and not plant sterols is connected with lower LDL-cholesterol concentration in obese women.
